I w COMPOSITES CYCLIC BEHAVIOR C.C. Chamis*, P.L.N. M u r t h y t , and D.A. H o p k i n s t N a t i o n a l Aeronautics and Space A d m i n i s t r a t i o n Lewis Research Center Cleveland, Ohio 44135 SUMMARY A procedure was developed and i s d e s c r i b e d which can be used t o computat i o n a l l y s i m u l a t e t h e c y c l i c behavior o f h i g h temperature metal m a t r i x compos i t e s (HTMMC) and i t s d e g r a d a t i o n e f f e c t s on t h e s t r u c t u r a l response. T h i s procedure c o n s i s t s o f HTMMC mechanics coupled w i t h a m u l t i f a c t o r -i n t e r a c t i o n c o n s t i t u e n t m a t e r i a l r e l a t i o n s h i p and w i t h an incremental i t e r a t i v e n o n l i n e a r a n a l y s i s . The procedure i s implemented i n a computer code which can be used t o c o m p u t a t i o n a l l y s i m u l a t e t h e thermomechanical b e h a v i o r o f HTMMC s t a r t i n g from t h e f a b r i c a t i o n process and proceeding through thermomechanical c y c l i n g , a c c o u n t i n g f o r t h e i n t e r f a c e l i n t e r p h a s e r e g i o n . R e s u l t s show t h a t combined thermal/mechanical c y c l i n g , t h e i n t e r p h a s e and i n s i t u m a t r i x p r o p e r t i e s have s i g n i f i c a n t e f f e c t s on t h e s t r u c t u r a l i n t e g r i t y o f HTMMC.
HTMMC. The process o f "computational s i m u l a t i o n " i s summarized i n t h e followi n g s e c t i o n . A schematic summarizing equations f o r g l o b a l s t r u c t u r a l a n a l y s i s , through which g l o b a l s t r u c t u r a l response v a r i a b l e s and l o c a l v a r i a b l e s a.re o b t a i n e d t o assess t h e adequacy of t h e design, i s d e p i c t e d i n f i g u r e 1 . Comp u t a t i o n a l s i m u l a t i o n i s used t o generate t h e elements ( t e r m s ) i n t h e s t r u ct u r a l m a t r i c e s : A l l o f t h e above steps and t h e r e q u i r e d convergences a r e a u t o m a t i c a l l y p e rformed i n METCAN and a r e t r a n s p a r e n t t o t h e u s e r .
t o t h e l a m i n a t e l e v e l . T h i s stand-alone code encompasses a l l t h e c a p a b i l i t i e s shown w i t h i n t h e dashed l i n e i n f i g u r e 3 and i s i d e n t i f i e d as METCAN (Metal M a t r i x Composite A n a l y z e r ) . METCAN i s p a t t e r n e d a f t e r and has many o f t h e f e a t u r e s o f t h e ICAN computer code ( r e f . 2 ) . I The v a r i o u s f a c t o r s , which i n f l u e n c e c o n s t i t u e n t m a t e r i a l b e h a v i o r and u l t i m a t e l y t h e HTMMC b e h a v i o r , a r e i n c o r p o r a t e d through a m u l t i f a c t o ri n t e r a c t i o n r e l a t i o n s h i p as shown I n f i g u r e 4 where t h e r a t i o n a l e f o r a d o p t i n g t h i s type o f r e l a t i o n s h i p i s summarized. A d d i t i o n a l d i s c u s s i o n on t h i s r e l at i o n s h i p and i t s a p p l i c a t i o n t o a s p e c i f i c s t r u c t u r a l component

METCAN p r e d i c t e d l o n g i t u d i n a l s t r e s s l s t r a i n responses f o r f o u r p l y
[ 0 / 9 0 / 9 0 / 0 1 PlOO/Cu a f t e r a s p e c i f i c number o f accumulated mechanical c y c l e s a r e shown i n f i g u r e 8. These curves were generated by assuming t h a t : ( 1 ) 
t h e l i m i t number o f mechanical l o a d c y c l e s was 1 m i l l i o n , and ( 2 ) t h e c y c l i c s t r e s s amplitudes were t h e f o l l o w i n g r a t i o s of t h e r e f e r e n c e s t r e s s ( s t a t i c f r a c t u r e s t r e s s )
SIGNIFICANCE OF THE INTERPHASE AND I N S I T U PROPERTIES HTMMC e i t h e r have no m e t a l l u r g i c a l bond a t t h e i n t e r f a c e or develop an i n t e r p h a s e as a r e s u l t o f t h e f i b e r -m a t r i x r e a c t i o n ( i n t e r d i f f u s i o n ) . The micromechanics model i n METCAN i n c o r p o r a t e s t h e i n t e r p h a s e as a separate cons t i t u e n t w i t h independent p r o p e r t i e s . A s such t h e e f f e c t s of bond i n t e g r i t y on HTMMC behavior can be e v a l u a t e d w i t h j u d i c i o u s use of METCAN by u s i n g an i n t e r p h a s e w i t h s u i t a b l e p r o p e r t i e s . R e s u l t s f r o m one such e v a l u a t i o n a r e shown i n f i g u r e 12. As would be expected, b o t h t h e i n t e r f a c e and t h e i n s i t u p r o p e r t i e s o f t h e m a t r i x have d r a m a t i c e f f e c t s on t h e t r a n s v e r s e t e n s i l e s t r e n g t h o f t h i s p a r t i c u l a r HTMMC. I t i s noted t h a t t h e average experiment a l l y measured s t r e n g t h i s about 2 k s i which corresponds t o t h e l o w e s t v a l u e shown i n f i g u r e 12. T h i s v a l u e was o b t a i n e d by assuming no i n t e r f a c e and dlinealed a t y i e l d i n s i t u m a t r i x c o n d i t i o n s as i n p u t s t o METCAN. The i m p o r t a n t o b s e r v a t i o n i n f i g u r e 12 i s t h a t METCAN can be used to assess t h e f a b r i c a t i o n process as w e l l as t h e e f f e c t s o f v a r i a b l e c o n s t i t u e n t i n s i t u b e h a v i o r on HTMMC performance. For example, t h e l o w e s t v a l u e i n d i c a t e s inadequate
